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INTRODUCTION

The purpose of this study is to evaluate the design of the industrial

liquid waste treatment plant presently under prove out at Holston Army

Ammunition Plant., The initial design work was completed in 1974 by Clark,
Dietz & Associates Engineers. 2 ' 3  Based upon their preliminary design and
additional pilot plant studies conducted by Holston Defense Corporation in

1977, a final concept design was developed in 1977.

The major concern (in this study) was to validate the present design and

to establish guidelines for development of design criteria for future plants

requiring the same types of processes. This was to be accomplished by
evaluating data collected during previous studies, and then performing com-

puter simulation studies of these processes. The computer simulations were to
provide information on the transient response of the processes due to varia-

tions in the mass and hydraulic loading.

[ITERATURE REVIEW

GENERAL

The industrial liquid waste treatment plant, which is shown in Figure 1,

consists of anaerobic denitrification filters (anoxic filters), aerobic fixed
film reactors (trickling filters), and aerobic suspended growth reactors
(activated sludge). Only the wastewater from Area B is to be treated in the

anoxic filters, with Area A wastewater to enter the system just ahead of

aerobic fixed film reactors (trickling filters). The wastewater from the
activated sludge processes is clarified and filtered through dual media
filters, with this effluent receiving reaeration prior to discharge into the

Holston River. The piping for this plant is such that the activated sludge
system may be operated ahead of the trickling filters or in the normal
sequence with the trickling filters preceding the activated sludge process.

Sludge wasted from the activated sludge process is thickened before being
aerobically digested and mechanically dewatered. The dried sludge is disposed

of in landfill.

The characteristics of the wastewater being treated are shown in

Table 1. One of the major concerns was the ability of this plant to ensure
that the effluent complied with NPDES waste load allocation. The area of

particular concern was the total nitrate-as-nitrogen loading. The 1980 NPDES

permit is summarized in Appendix D.
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TABLE 1. SUMtIARY OF DESIGN WASTEWATER CHARACTERISTICS
HOLSTON ARMY AMMUNITION PLANT

Parameter Design Value (Full Mobilization)a

Average Flow 12.6 MGD
Maximum Flow 16.3 MGD
COD 61,535 pounds/day
BOD 5  43,000 pounds/day
NH3 -N 510 pounds/day
Total P 70 pounds/day
Total N 3,375 pounds/day
Total SS 4,092 pounds/day

a. Constructed for 50% of mobilization rates
(assume straight line).

Review of Denitrification

Denitrification is coupled with the aerobic oxidation of organic material;
the nitrate which acts as electron acceptor must be the limiting substrate
present in the system. In other words, the carbonaceous organic concentration
or the concentration of methanol, which may be used as an organic carbon

source, must exceed the nitrate concentration in order to effectively deni-
trify the wastewater. Although the literature implies that denitrification
systems may be designed such that the two substrates will be rate limiting, it
is difficult in practice to accomplish this. If the Monod1 9 kinetics were to
be used, there would be a specific growth function for each of the substrates
as shown below.

SS S~in cS=(K n + S n) (K c + S c)()

where ý, Sn, Sc are the maximum rate constant, nitrate substrate concentra-
tion, and carbonaceous substrate concentration, respectively. The Kn and Kc
are the half rate constants, i.e., the half rate constant is the substrate
concentration at half the maximum growth rate, expressed in units of
mass/volume.

In practice however, the organic substrate would be in such concentration

(Sc>>Kc) that the nitrate would in fact be the rate limiting substrate, and
the rate-of-growth equation reverts to a saturation function involving only
nitrate, as shown:

S

n(K n + S n , (2)

While the suspended growth system for denitrification represents a more
efficient process, Grady 4 found that, due to the filamentous nature of the
biomass, the suspended growth system could not be used. Therefore, it was
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recommended that the submerged anaerobic filters be used. Grady 4 proposed
that the system followed a first-order kinetics expression and the design
could be based upon

- AZ

N = N e (V)n (3)
o

where N is the effluent nitrate concentration in milligrams per liter, Zo is
the influent nitrate concentration in milligrams per liter, Z is the filter

depth in feet and V is the hydraulic application rate in cubic feet per second
per square foot. The coefficient lambda was found to be equal to 1.45 white
the power of the hydraulic application rate n was found to be equal to 0.5.
This expression implies that the removal of nitrate is essentially a logarith-
mic function of the height of the column. Hash, Evans, and Simerly 5 showed in
their work, however, that there were two distinct rates of reactions occurring
within the column. Through the first 4 feet of the column, the reaction was

fast; it then proceeded at a much slower rate through the next (upper) 10 feet
of the column. These data are shown in Figure 2. Their report 5 indicates
that performance of the anoxic towers (submerged anaerobic filters) was purely
a function of application rate and that the kinetics for the system could not

be clearly described. Harremose 2 0 found that fixed-film reactors did not
follow classical first-order kinetics but rather followed a series of first-

order, half-order, and zero-order reactions which overall appeared similar to
Monod kinetics. He found that there were two distinct break points within the
kinetic relationships in which the substrate transport as well as a reaction
resistance became limiting, as shown in Figure 3.

Kornegay and Andrews 2 1 found that the reaction rate was a function of the
degree of penetration of the substrate into the film and that the shear effect
of the fluid had a significant effect upon the rate of overall reaction. It
is clear from all the information presently available that there was a dis-

crepancy between the data collected by Grady 4 versus that of Hash et al. 9

These discrepancies in data may well have been due to the aging of the samples
forwarded to Grady and the formulation of the wastewater used in his experi-
mental work. Hash et al. 5 used water directly from the production process,
which was representative of the wastewater that will be treated at Holston.

REVIEW OF TRICKLING FILTER DESIGN

The pilot plant work conducted by Grady 4 and Clark and Dietz 3 shows the
activated sludge process to be unstable due to development of filamentous
growth. Grady 4 recommended that a trickling filter or attached growth system

be used for treating the carbonaceous portion of the wastewater. Again,
Grady 4 was able to describe the removal of carbonaceous BOD with first-order
kinetics, relating the rate of removal with depth of the column and hydraulic
application rate. The expression developed was

-X Z

S = = e (v)n (4)
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where Z is the depth of the filter and Sc and Sco are the effluent and influ-
ent total biochemical oxygen demand in milligrams per liter. Lambda was found
to be 0.1 and n was found to be 0.5 for application rate (V) in cubic feet per
second per square foot. Based upon this study it was recommended that four
biological filters 57 feet in diameter with a media depth of 26 feet, be con-
structed. It was further recommended that the hydraulic application rate be
0.8 gallons per minute per square foot.

Hash et al. 5 again found some deviation from results presented by Grady;
they found that lambda actually had an average value of 0.05 as compared to
the 0.1 recommended by Grady. They agreed that the hydraulic application rate
exponent was essentially equivalent to one-half. This is consistent with
Rich 2 2 where n is actually an effectiveness factor for the hydraulic
application rate.

At similar application rates, Hash et al. 5 observed a 30 percent reduction
in COD as compared with the 90 percent reduction reported by Grady.4 It is
difficult to explain why such a wide deviation would exist except that the
characteristics of the feed streams must have been different.

REVIEW OF ACTIVATED SLUDGE DESIGN

Hash et al. 5 further investigated the possibility of using activated
sludge as a treatment process. Applied to raw, high strength wastewater, the
activated sludge system gave good organic removal, but poor sludge settling
characteristics. However, activated sludge operating at a solids retention
time (SRT) of 8 days provided an excellent second stage treatment of the
trickling filter effluent. The results (Table 2) show that the process
removed 76 percent of the COD, 85 percent of the BOD and 90 percent of the IT3
-N using a 6-hour aeration cycle. The sludge volume index was 1i0 mL/gm,

which indicates good settling characteristics of the sludge. An aeration
period of 4 hours gave slightly inferior performance overall, and reducing
sludge age to 3 days gave serious bulking problems. It was recommended that
the activated sludge plant be designed for an aeration time of 6 hours, a SRT
of 8 days, and a flow of 12.5 million gallons per day.

*8
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DEVELOPMENT OF DYNAMIC MODEL

GENERAL

The approach used in developing these models was to use equations which

could be related to actual design variables. It was also necessary to
represent these design variables in the form of differential equations or
integral equations so that the dynamics of the processes could be evaluated.

DENITRIFICATION ANOXIC TOWERS

A block diagram for the development of the unsteady state model for the
anoxic towers is shown in Figure 4. This block diagram shows the input and
output functions as they relate to the differential equations contained within

the block diagram. These differential equations were developed from the
literature and reports by Hash et al. 5 and Grady.4 Analysis of the data of
Hash et al. 5 shows that increasing the hydraulic loading rate did not lower
the percent removal of nitrate. These results imply that their 5 system may
have been substrate-limited, since the towers did not show a breakthrough

characteristic. Based upon the information available, a rate equation was
developed using the lambda that Grady reported, but dependence on the depth of
the column was considered a fractional order function. This is consistent
with observations that Eckenfelder 2 3 made in trickling filter operation. The
fractional order for the operational Loading rate was obtained as shown in
Figure 2. The data of Hash et al. 5 were replotted and found to be essentially
the same as reported by Grady4 and by Eckenfelder. 2 3  While the rate did
change and was significantly different in the first 4 feet on the column, the
next (upper) 6 feet had essentially the same rate of removal. For this reason
an attempt was made to fit the data to zero-order reaction rate as well as
half-order reaction rate. This analysis has not been completed at this

time. The primary concern was to obtain a rate contour for the total depth of
the tower by analyzing the data of Hash et al. 5  A mean value of 1.20 for the
power term (R in equation 9 below) of depth was determined. Using this term,
the Continuous Simulation Modeling Program (CSHP) equations for the model were
written. Modeling of the denitrification system was done on a macro basis and
did not in any way consider characteristics of transport within the biofilm.
Transport in the biofilm is being looked at as another element of the study,
but has not been thoroughly documented at this point. The output observed
from this model is shown in Appendix A. The general structure of the model is

as follows:

rate of rate of rate of rate of
mass N - mass N + mass N = mass N (5)

in out reacting accumulating

[FN < - FN « ] AXAY + [rNI AXAYAZ 3N AXAYAZ (6)
Z Z+AZ t
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No : NITRATES VdN/dt z Q(No-N) r NV N : NITRATES

rN = dN/dt : -XzRN/(Q/A)w

"So : TbOD dS/dt =5(dN/dt) =0.64(dN/dt) S : Tb OD .

Q : FLOW dQ/dt = Q+Q(t) Q : FLOW

Figure 4. Anoxic tower model.

Dividing Equation 6 by (AX, AY, AZ), the differential sections, and taking the
limit as AZ +0, the following equation is obtained

aFN •
@F---+r 3 

(7)
az N a3t

or
dFN dN

dZ N dt

where FN is the flux term, N is the nitrate concentration, and rN is the
reaction term.

The reaction term is expressed empirically in terms of Z

dN _ _ R
rN = dt ) N

(Q/A)w

where X is a rate coefficient, R is an effectiveness factor, and w is a

function of the packing used in the column.

The function Z represents the column depth, while Q represents flow rate
in cubic feet per second, and A is the cross sectional area of the column,
which gives the velocity through the column.

The change in flux may be expressed as

AFN mass -- (N -A

(10) length2 x time A o
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Therefore, the unsteady state equation (Equation 8) may be expressed as

VdN Q(N-N) + V
dt = o N

Then, eliminating the volume term (V) where t = (V/Q), the equation becomes

dN _1- = it (N -N) + rN (12)

This differential equation describes the function of the denitrification
columns. In order to evaluate the dynamic response of the system, the program
was written so that the influent flow and nitrate concentration could be
varied independently with time. This was done by using either a step or
impulse function. Figure 5 shows how these functions were defined within the
program.

FUNCTION TO START SQUARE WAVE PULSE

TRIG1I IMPULS (6.0,6.0)

t

FUNCTION FOR MASS LOADING

SNO=SNIxPULSE (6.0,TRIG1)

y

Figure 5. Transient function for computer simulations.
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TRICKLING FILTER SYSTEM

The trickling filter model was developed in exactly the same manner as the
anoxic towers model. Replacing N, the nitrate concentration with S, the
carbonaceous substrate concentration, an equation for the trickling filter was
expressed as follows:

aS 1 (S -S) + rs (13)
_t 0

where r = dS -
B(

S d-t - S (14)

(Q/ A)'!

The parameters Q, A, and Z represent flow, cross-sectional area, and column

height, just as in the anoxic tower. The terms B and u represent an effec-

tiveness factor and a media packing factor. As in the case of anoxic towers

the Q/A term represents a velocity and the u represents a holdup adjustment
for the media. Lambda (X) represents a rate term.

ACTIVATED SLUDGE SYSTEM

The activated sludge model was based upon Monod kinetics. Substrate and
organism material balances were written over the entire system, as follows:

(SUBSTRATE BALANCE)

dS -Q (S-S) P-S_(1)
dt V Y(S + Km)

(ORGANISM BALANCE)

dX o I I X S
d = (Xo-X) + SD - - KDX (16)

m

where So and S are influent and effluent substrate concentrations, respec-

tively, Xo and X are influent and effluent organism concentrations, respec-
tively, Y is the mass ratio of cells formed to substrate consumed, and pm, Km,

and KD are constants.

The constants used in the model were those recommended for design in ASCE
Manual of Practice Number 36.24 Solid retention time of 8 days was used in

order to tune the model with the data collected at Holston. It is expected

that once the model is tuned, the SRT will be varied in order to assess the
system's ability to respond to transient loadings.

GENERAL ASSESSMENT OF MODEL

The Continuous Simulation Modeling Program (CSMP) is capable of predicting

the effluent discharge from the Holston AAP industrial waste treatment
plant. The model is based upon the rational design equations used in current

practice and is consistent with equations used to design the wastewater treat-
ment plant. All expressions used in this model have physical significance; no
empirical mathematical expressions were used.
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The model is also written in BASIC language for use on the AppleR* com-
puter. The program in BASIC appears to be better suited to the process than
CSMP. CSMP did not adapt well in modeling the trickling filter, due to the
nature of the equation describing the trickling filter. The CSMP program also
has the disadvantage of requiring a special compiler, while the BASIC program
can be run on the AppleR or other microcomputers.

In the verification phase of the study, the mass transfer rates for the
anoxic tower and the trickling filter will be studied.

DISCUSSION OF RESULTS

GENERAL DESIGN COMMENTS

Review of the proposed design indicates that the modifications recommended
by Hash et al. 5 were justified. These modifications to the original design
certainly provide greater flexibility in the operation of the wastewater
treatment plant and a greater degree of assurance in meeting the NPDES cri-
teria. The development of the simulation models, which are discussed below,
shows that all processes in the system are compatible and that the plant
should function well under wide variation in loadings.

In the verification phase the mass transfer rates for both the anoxic
tower and trickling filter need to be further refined. An attempt will be
made to correlate the operational data with the height and number of theo-
retical units or a JD function. If this correlation can be developed it will
permit the sizing of a column for a specific efficiency and capacity very
quickly and easily. The simulation studies which are discussed below were
based upon the most extreme conditions that might be encountered. Results
indicate that the industrial waste plant has the capacity to respond both to
extreme organic and hydraulic surges. While the simulations do not show that
the system complies with all the NPDES criteria, there is a trend which
implies compliance. When data are available to tune the models, more accurate
predictions may be made.

CONTINUOUS SIMULATION MODELING PROGR91

The initial modeling of the wastewater treatment plant was done using a
Continuous Simulation Modeling Program (CSMP). This provided an easy means of
developing the differential equation in a computer format. This model is
shown in Appendix A. The dynamic section of the program contains the anoxic
towers followed by the trickling filters and activated sludge processes.

The CSMP graphically displays the inputs and output of each process. For
example, the anoxic towers with inputs ranging between 25 and 75 mg/L of
nitrate nitrogen showed effluent concentrations of 3 mg/L to 15 mg/L. The
transients in the tower effluent lag the input transient by approximately 30

* Use of trademarked name does not imply endorsement by the US Army, but is

used only to assist in identification of a specific product.
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minutes. Sensitivity analysis of the parameters needs to be performed; when
actual operational data are available this will be accomplished.

Simulation of the trickling filter showed that effluent from the trickling
filters varied from 16 mg/L to 35 mg/L. The influent pulse ranged from 250 to
350 mg/L with the effluent response lagging by 1 hour. These simulations
indicated an efficiency of the filters ranging between 90 and 94 percent.
These results were slightly different than those given by the BASIC Simulation
Program, but are in agreement with the findings of Hash et al. 5

The simulated effluent concentrations from the activated sludge process
showed a concentration of carbonaceous material which ranged from 5 mg/L to
50 mg/L. The organism concentration was approximately 100 mg/L, which implied
that the system was dispersed and substrate limited. Until actual data are
available, it will be difficult to determine if this is a representative case
of actual operating conditions.

BASIC SIMULATION MODELING PROGRAM

A simulation of 48 hours of operation was made using the Basic program,
shown in Appendix B. The initial nitrate concentration of 25 mg/L was
periodically pulsed to 50 mg/L. Flow rates were also pulsed from 15.0 million
gallons per day (mgd) to 19.5 mgd to simulate hydraulic disturbances. The
output from the simulation (Appendix B) showed that the program was responsive
to the changes in the input parameters, with effluent nitrate concentrations
ranging from 3 to 12 mg/L. It is expected that with proper tuning of the
model, greater sensitivity may be obtained. Verification of the model with
actual plant data is essential to the development of an accurate effectiveness
ratio and rate constant.

The same simulation study was used to evaluate the trickling filter por-
tion of the model. A carbonaceous organic concentration of 250 mg/L was used
in the simulations. Using the rate constants and effectiveness factor previ-
ously described for the trickling filter, the simulations predicted between 87
and 91 percent reduction in the carbonaceous concentration. Based upon the
limited data available, these results seem appropriate. Again, verification
of the systems using actual plant data will provide a better assessment of the
rate constants and effectiveness coefficients.

The activated sludge process, which follows the trickling filter, was
simulated using substrate concentrations which ranged between 50 mg/L and 150
mg/L. Hydraulic transients were also used in this process analysis. Results
of the simulation showed that effluent would range between 5 mg/L and 77 mg/L
using the rate constants selected.

As indicated throughout the discussion of the modeling phase of this
study, the future use of actual operational data to refine the rate constants
will make the models more predictive. These models have, however, proven that
the processes selected in the design are interactive and should prove to be an
effective treatment system. Certainly these processes warrant consideration
in treatment of any wastewater containing these contaminants.
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CONCLUSIONS

The following conclusions may be made:

1. Design of the Holston Industrial Waste Treatment Plant is consistent
with good engineering practice.

2. Simulation studies using the model previously described indicates that
this plant would meet the NPDES permit criteria.

3. Transient analysis of the treatment plant shows that the processes are
capable of sustaining any expected upsets without exceeding permit criteria.
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****I)J i-f-kLM IAL ANALU'j 1)1(1 fAL b'r' I Fk9**9**

**-IIPRO-Tjl.FM INPUT STATEMENTS***
HOLSUN AAH ***************

**************INDUSTRIAL WASTE TREATMENT PLANT**********

**************CARNAHAN, MARCH 193*~**********

I NIT IAL

* ANOXIC TOWERS

CONSTANT A=6655. 0, ZLAM=1. 45, U=0. 5, R=0. 33,...
Z=10. 0, VOL=66550. 0

CONSTANT GIN2=7. 5, GIN3=2. 25, SNINF=25. o,...
SN1=50. 0, SNI=25. 0

*TRICKLING FILTER

CONSTANT CA=10000. 0, CLAM=O. 71, ZT=26. 0, W=0. 5,..
B=. 33) CVOL.=260000. 0

CONSTANT G1C2=1. 1, QIC3=0. 25, SCINF=250. 0,..
SC1=100. 0, SCI=250. 0

*ACTIVATED SLUDGE

CONSTANT K=5. 0, KS=60. 0, KD=O. 06, YG=0. 60,.
AVOL=2870000. 0, GR=0. 25

ASSUMED XC SHOULD BE 0. 0*********

INCON XI=100. 0, SC=50" 0, )(C=100. 0

DYNAMIC

KI=K/24
K2=KD/24
VI=V-OL
V2.=CVOL
V 3=AVOL

* ANOXIC TOWER

TRI G1I =IMPULS 42. 0, 6. 0)
TRIG2=IMPkUL.S(2. 0, 4. 0)
TRIG3=IMPULS(2. 0,6.0)
TRIGAI=IMPULS(2. 0, 3.0)

G1N1=(01N3/ (24. 0*60) )*10**6
QINF=(QIN2/(24. 0*60) )*10**6
0 TC 1:ý ( 1C3/ (24. 0*60) ) * 10**6
01CF =(QIC2/(24.0*60))r*10**6

SN0=SN1 -*PULSE (2. 0,TR I C) +SNIINF
Q0=.GI N I*PULSE (3. 0, TR IG2) +01NF
S9"C)0-SC I *PULSE (2. 0, TR I1G3 ) +SC: I NF
GTO=GIC1*PULSE(2. 0,TRIG4)+Gl1CF+G0)
GT0A=QT0+ ý GR*G*T0)
XO=((XI-*'T0)+(X*GR*KGT0) )/QTOA
SAF= ( (GT0/CA) **W)
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*****i~ *****SEONDSEC T I ON*************is

Sl'4F--I NTCRL ( N 1, DUTrSN)4
DOTSN=UQ00*9.021)/V1)*(SNO-SNF)+(-ZLAM*(Z**R)/((GO/A)**U')*Sr

SCF'-zI lT[*GL- (SC I, Do rsc)
DD'rSC=( (GTO*8. 021)/V2)*(SC0-SCF)+( (-CLAMl*(ZT**B))/`SAF)*%SCF

DSDL)I= ( ( (T0A S. 021 )/V3) *(SCF-S) )-( I* (S/ (34K) ) *X )
DX DTr=.( ( (GO0A*8. 021 ) /V3) *(XO-X))+ ( I*YG) * (i/(S+K4S))*X (K2*X)
S=1I N1GRL (SC, DSDT)
X=]NTGRL(XC, DXDT)

NOSiR T

IF(X. CT. 10000.0) X=10000. 0
IF(S3CF. LT. 10. 0) SC.F=10. 0
IF(S.LT. 5. 0) 5=~5.0

TERM II1AL

METHOD IIIILNE
TIMER PRDEL=0. 5, OUTDEL=0. 5, FINTIM=48. 0,. .

DELT=0. 1
P R INT 00, QT0A, OTO
LABEL I NFLUENT NI TRAT E CONCENTRATI1ON
P RlTPL T SNO0
LAB3EL EFFLUENT NI TRATE CONCENTRAT ION
PRTPLT SNF
LABEL T. F. INFLUENT CONCENTRATION
PRTPLT sco
LABEL T. F. EFFLUENT CONCENTRATION
P RrP LT SCF
LABEL. A. S. EFFLUENT CONCENTRATION
PRTPLT S
LABEL ORGANISM CONCENTRATION
PRTPL'T x

END
STOP

OUTPUT VARIABLE SEQUEN-CE
TRIGI 5140 vi GINE TRIG2 GINI 00 DOTSN SNF QICF
TRIG4 QICI GTO SAF TRIG3 600 V2 DOTSC bCF Ki
V3 GTOA DSDT S K2 X0 DXDT x x SCF7
S

OUTPUTS INPUTS PARAMS INTEGS + MEM BLKS FORTRAN DATA CDS
35(500) 66(1400) 35(400) 4+ 0= 4(300) 22(600) 28
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CONSTANT A=6655 O, ZLAM=1. 45, U=0. 5, R=O. 33,.

Z=10.0, VOL=66550. 0

CONSTANT 01N2=7. 5, GIN3=2. 25, SNINF=25. 0...

51N1=50. 0, SNI=25. 0

CONSTANT CA=10000. 0, CL.AM=0. 71, ZT=26. 0, W=0. 5,...

B=. 33, CVOL.=260000. 0

CONSTANT (1C2=1. 1, 01C3=0. 25, SCINF=250. 0,...

SC1=100. 0 SCI=250. 0

CONSTANT K=5. 0, KS=60., KD=0 . 06, Y=0O. 60,..

AVOL=2270000. 0, GR=0. 25

INCON XI=100. 0, SC=50. 6, XC=100. 0

METHOD MILNE

TIMER PRDEL=0. 5, OUTDEL=0. 5, FINTIM=48. 0,...

DELT=o. 1

PRINT 00, GrOA, GTO

LABEL INFLUENT NITRATE CONCENTRATION

PR'PLT fSr, O

LABEL EFFLUENr NITRATE CONCENTRATION

PRTPLT SNF

LABEL. T. F. INFLUENT CONCENTRATION

PRTPLT SCO

LABEL T. F. EFFLUENT CONCENTRATION

PRTPLT SCF

LABEL A.S. EFFLUENT CONCENTRATION

PRTPLT S

LABEL ORGANISM o CONCENTRAT ION

PRTPLT X

END

TIMER VAR I ABI_ ES
DELT = 1. 2500E-01
DELMIN= 4. 8O0E-C'6
FINTIM= 4. Qr.OOE 01
PRDEL 5. = 000E-'1
OUTDFL= 5. OOOE-O1
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'I I ME 00 (G I 0A 0I0

0. 000FE.-O1 5 203EffE 03 7. 4 ,35 03 r 5. 9722F 03
5. OOOOE-O 1 . 20U-3U 03 7. 0353E. 03 7. 972E 03
1.000OE 00 5.2083E 03 7. 4653E 03 5.9722E 03
1. 50OOE 00 5.2083E 03 7.4653E 03 5.9722E 03
2.0000E 00 6.7703E 03 9.6354E 03 7.7083E 03
2.50O0E 00 6.7708E 03 9.6354E 03 7.7083E 03
3.0000E 00 6.7708E 03 9. 6354E 03 7.7083E 03
3. 500QE 00 6.7708E 03 9. 6354E 03 7.7083E 03
4. OQOE 00 6.770SE 03 9.6354E 03 7.7083E 03
4. 5000E 00 6. 7701L 03 9.44184E 03 7. 5347E 03
5. OOOOE 00 6.7703E 03 9.6354E 03 7.7083E 03
5. 500QE 00 5. 2083E 03 7.6923E 03 6. 1458E 03
6.OQOCE 00 6.7702E 03 9. 6354E 03 7.7083E 03
6. 50O0E 00 6. 7703E 03 9. 6354E 03 7.7083E 03
7.OOQOE 00 6.7700E 03 9.6354E 03 7.7083E 03
7. 50OOE 00 6.7703E 03 9.4104E 03 7. 5347E 03
S. 0000E 00 6. 770(E 03 9. 6354E 03 7. 70E3E 03
8.5000E 00 6.7708E 03 9.6354E 03 7.7083E 03
9. 0000E 00 6. 77000E 03 9. 6354E 03 7.7083E 03
9. 5000E 00 5.2003E 03 7. 6823E 03 6. 1458E 03
1.0000E 01 6.7700E 03 9. 6354E 03 7.7083E 03
1.0500E 01 6.7708E 03 9.4184E 03 7.5347E 03
1. IOOE 01 6.7709E 03 9. 6354E 03 7.7093E 03
1. 1500E 01 6.7708E 03 9,6354E 03 7.7083E 03
1. 2000E 01 6.7701E 03 9.63354E 03 7.7083E 03
1. 2500E 01 6. 7708BE 03 9.6354E 03 7. 7083E 03
1. 3000E 01 6. 7708E 03 9.6354E 03 7.7083E 03
1. 3500E 01 5.22003E 03 7.4653E 03 5.9722E 03
1. 4000E 01 6.7708E 03 9. 6354E 03 7.7083E 03
1.4500E 01 6.7708E 03 9. 6354E 03 7.7083E 03
1. 5000E 01 6. 770SE 03 9. 6354E 03 7.7083E 03
1. 5500E 01 6.7703E 03 9.6354E 03 7.7083E 03
1.6000E 01 6.; 7 70SE 03 9.6354E 03 7.7083E 03
1.6500E 01 6. 77083E 03 9. 4184E 03 7. 5347E 03
1.7000E 01 6. 7708E 03 9. 6354E 03 7.7083E 03
1.7500E 01 5.2083E 03 7. 6823E 03 6. 1458E 03
1.8000E 01 6.7703E 03 9. 6354E 03 7.7083E 03
1.8500E 01 6. 7708E 03 9. 6354E 03 7.7083E 03
1. 9000E 01 6. 770WE 03 9. 6354E 03 7. 7083E 03
1.9500E 01 6. 77083E 03 9. 4184E 03 7. 5347E 03
2.OOOOE 01 6.7703E 03 9. 6354E 03 7.7083E 03
2.0500E 01 6.7703E 03 9.63:354E 03 7.7083E 03
2. 1O00E 01 6.7708E 03 9.6354E 03 7.7083E 03
2. 1500E 01 5.2033E 03 7. 6823E 03 6. 1458E 03
2.2000E 01 6.7703E 03 9.6354E 03 7,7083E 03
2.2500E 01 6.7703E 03 9.4184E 03 7. 5347E 03
2.3000E 01 6. 7708E 03 9. 6354E 03 7.7083E 03
2.3500E 01 6.7708E 03 9.6354E 03 7.7083E 03
2. 4000E 01 6.7700E 03 9.6354E 03 7.7083E 03
2.4500E 01 6.7708E 03 9.6354E 03 7.7083E 03
2. 5000E 01 6.770SE 03 9.6354E 03 7.7083E 03
2.5500E 01 5.2083E 03 7.4653E 03 5.9722E 03
2.6000E 01 6.7708E 03 9.6354E 03 7.7083E 03
2.6500E 01 6.7708E 03 9.6354E 03 7.7083E 03
2.7000E 01 6.7703E 03 9. 6354E 03 7.7083E 03
2.7500E 01 6.7708E 03 9.6354E 03 7.7083E 03
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TI ME 00 GTOA GTO
2.8000E 01 6.7708E 03 9.6354E 03 7.7083E 03
2.8500E 01 6.7708E 03 9.4184E 03 7. 5347E 03
2.9000E 01 6.7708E 03 9.6354E 03 7.7083E 03
2.9500E 01 5.2083E 03 7.6823E 03 6. 145SE 03
3.0000E 01 6.7708E 03 9.6354E 03 7.7083E 03
3.0500E 01 6.7708E 03 9.6354E 03 7.7083E 03
3. 1000E 01 6.7703E 03 9. 6354E 03 7.7083E 03
3. 1500E 01 6.7708E 03 9.4194E 03 7. 5347E 03
3.2000E 01 6. 7708E 03 9. 6354E 03 7. 7003E 03
3.2500E 01 6.7708E 03 9.6354E 03 7.7003E 03
3.3000E 01 6. 7708E 03 9.6354E 03 7. 7083E 03
3. 3500E 01 5.2083E 03 7.6823E 03 6. 1458E 03
3.4000E 01 6.7703E 03 9.6354E 03 7.7083E 03
3. 4500E 01 6. 7708E 03 9. 4184E 03 7. 5347E 03
3. 5000E 01 6. 7708E 03 9. 6354E 03 7. 7083E 03
3. 5500E 01 6. 7708E 03 9. 6354E 03 7. 7083E 03
3. 6000E 01 6. 7708E 03 9. 6354E 03 7. 7083E 03
3.6500E 01 6.7708E 03 9.6354E 03 7.7083E 03
3.7000E 01 6.7708E 03 9. 6354E 03 7.7083E 03
3.7500E 01 5.2083E 03 7.4653E 03 5.9722E 03
3.8000E 01 6.7703E 03 9.6354E 03 7.7083E 03
3.8500E 01 6.7703E 03 9. 6354E 03 7.7083E 03
3.9000E 01 6. 7708E 03 9. 6354E 03 7. 7083E 03
3.9500E 01 6.770BE 03 9.6354E 03 7.7083E 03
4.0000E 01 6. 770SE 03 9.6354E 03 7.7083E 03
4.0500E 01 6. 7708E 03 9.4184E 03 7. 5347E 03
4. IO00CE 01 6.7708E 03 9.6354E 03 7.7083E 03
4. 1500E 01 5.2083E 03 7. 6923E 03 6. 1458E 03
4.2000E 01 6.7708E 03 9. 63154E 03 7.7083E 03
4.2500E 01 6.7709E 03 9.6354E 03 7.7083E 03
4.3000E 01 6. 7709E 03 9.6354E 03 7.7083E 03
4. 3500E 01 6. 7708E 03 9. 4184E 03 7. 5347E 03
4.4000E 01 6.7708E 03 9.6354E 03 7.7083E 03
4.4500E 01 6.7708E 03 9.6354E 03 7.7083E 03
4. 5000E 01 6. 7708E 03 9.6354E 03 7.7083E 03
4. 5500E 01 5.2083E 03 7.6823E 03 6. 1458E 03
4.6000E 01 6.7708E 03 9.6354E 03 7.7083E 03
4.6500E 01 6. 7708E 03 9.4184E 03 7. 5347E 03
4.7000E 01 6.7708E 03 9. 6354E 03 7.7083E 03
4.7500E 01 6.7708E 03 9. 6354E 03 7.7083E 03
4.8000E 01 6.7708E 03 9. 6354E 03 7.7083E 03
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VARIABLE MINIMUM TIME MAXIMUM TI11E
SNO 2. 5000E 01 0. O0OOE-01 7. 5000E 01 2. O000E 00
SNF 3.81010E 00 1.9995E 00 5.OOO0E 01 O. O000E-01
SCO 2. 5000E 02 0. O000E-01 3.5000E 02 2.0000E 00
SCF 1.6398E 01 1.4000E 01 2. 5000E 02 0. 0000E-01
S 5.OOOOE 00 8. 1562E 00 5.0000E 01 O. O000E-01
X 1.0000E 02 O. OO0E-01 1.2369E 02 1.0000E 01
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INFLUENT NITRATE CON1CENTRATION

MINIMUM SNO VERSUS TIME MAXIMUM
2. 5000E 01 7. 5000E 0

TIME SNO I I
O.0002E--Ol 2.5000E 01 +
5.0000E-01 2. 5000E 01 +
1.0000E 00 2.5000E 01 +
1. 5000E o0 2.5000E 01 +
2.OOC0E 00 7.5000E 01 --------------------------------------------------- +

2. 5000E 00 7. 5000E 01 ---------------------------------------------------
3.OOOOE 00 7.5000E 01 --------------------------------------------------
3.5000E 00 7. 5000E 01 -
4.OOOOE 00 7. 5000E 01 --------------------------------------------------------
4. 5000E 00 2.5000E 01 +
5.0000E 00 2. 5000E 01 +
5. 5000E 00 2. 5000E 01 +
6.0000E 00 2.5000E 01 +
6. 5000E 00 2. 5000E 01 +
7.0000E 00 2. 5000E 01 +
7. 50OCE 00 2. 5000E 01 +
8.0000E 00 7. 5000E 01 ------------------------------------------------------ +
8. 5000E 00 7.5000E 01 ----------------------------------------------------- +

9.0000E 00 7. 5000E 01 -------------------------------------------------- +
9. 5000E 00 7.5000E 01 -
1. 0000E 01 7. 5000E 01 +
1. 0500E 01 2. 5000E 01 +

1. 1000E 01 2. 5000E 01 +
1. 1500E 01 2. 5000E 01 +
1.2000E 01 2.5000E 01 +
1. 2500E 01 2. 5000E 01 +

1. 3000E 01 2. 5000E 01 +
1. 3500E 01 2. 5000E 01 +

1. 4000E 01 7. 5000E 01 +--------------------------------------------------
1. 4500E 01 7. 5000E 01 -------------------------------------------------- +

1. 5000E 01 7.5000E 01 -----------------------------------------------------
1. 5500E 01 7. 5000E 01 +
1. 6000E 01 7.5000E 01 - ------------------------- w---------------------------+
1. 6500E 01 2. 5000E 01 +
1. 7000E 01 2. 5000E 01 +
1. 7500E 01 2. 5000E 01 +
1.8000E 01 2.5000E 01 +
1. 8500E 01 2. 5000E 01 +
1. 900DE 01 2. 5000E 01 +
1. 9500E 01 2. 5000E 01 4.

2.0000E 01 7. 5000E 01 --------------------------------------------------
2.0500E 01 7. 5000E 01 ---------------------------------------------------- +

2. IOO0E 01 7.5000E 01 --------------------------------------------------
2. 1500E 01 7. 5000E 01 -------------------------------- +

2.2000E 01 7. 5000E 01 --------------------------------------------------- +
2.2500E 01 2. 5000E 01 +
2. 3000E 01 2. 5000E 01 +
2. 3500E 01 2.5000E 01 +
2.4000E 01 2. 5000E 01 +
2.4500E 01 2. 5000E 01 +
2. 5000E 01 2. 5000E 01 +
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INFLUENT NITRATE COLICE)I 'RAI ON

MINIMUM SNO VERSUS TIME MAXIMUM
2. 5000E 01 7. 5000E 01

TIME SNO I I
2. 5500E 01 2. 5000E 01 +
2.6000E 01 7. 5000E 01 --------------------------------------------------------
2. 6500E 01 7.5000E 01 ---------------------------------------------------
2.7000E 01 7. 5000E 01 -

2. 7500E 01 7. 5000E 01 --------------------------------------------. --------

2. BSOOE 01 7. 5000E 01 ----------------------------------------------------
2. 8500E 01 2.5000E 01 +
2. 9000E 01 2. 5000E 01 +
2. 9500E 01 2. 5000E 01 +

3.OOOOE 01 2. 5000E 01 +
3. 0500E 01 2. 5000E 01 +
3. 1000E 01 2.5000E 01 +
3.1500E 01 2. 5000E 01 +

3.2000E 01 7. 5000E 01- ------------------------------------------------------
3. 2300E 01 7.5000E 01- ---------------------------------------------------
3.3000E 01 7. 5000E 01- ---------------------------------------------------
3.43500E 01 7.5000E 01
3.4000E 01 7. 5000E 01 --------------------------------------------------
3. 4500E 01 2. 5000E 01 +
3. 5500E 01 2. 5000E 01 +
3.5500E 01 2. 5000E 01 +
3. 6000E 01 2. 5000E 01 +

3. 6500E 01 2. 5000E 01 .

3. 7000E 01 2. 5000E 01 +
3. 7500E 01 2. 5000E 01 I
3. BOO0E 01 7. 5000E 01
3. 8900E 01 7. 5000E 01 .---------------------------------------------*-..------+
3.9500E 01 7. 5000E -1---------------------------------------------+
3.90 00 E 0 1 7. 5000)CE C01
3. 9500E 01 7. 5000E 01 ----------------------------------------------------
4. O00E 01 7. 5000E 01- -----------------------------------------------------
4. 0500E 01 2. 5000E 01 +
4. 1000E 01 2. 5000E 01 +
4. 1500E 1 2. 5000E 01 +
4. 2000E 01 2. 5000E 01 +
4. 2500E 01 2. 5000E 01 4+

4.3000E 01 2. 5000E 01 4

4.3500E 01 2. 5000E 01 +
4. 4000E 01 7. 5000E 01- ---------------------------------------------------
4.4 500E 01 7. 5000E Ol----------------------------------------------------
4. 5000E 01 7. 5000E 01 -----------------------------------------------------

4. 5500E 01 7. 5000E 0-1---------------------------------------------------------+
4. 6000E 01 7. 5000DE 01---------------------------------------------------------+
4.6500E 01 2. 5000E 01 +

4.7000E 01 2. 5000E 01 +
4. 7500E 01 2. 5000E 01 +

4.800CE 01 2. 5000E 01 +
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EFFLUENT NITRATE CONCENTRATION

MINIMUM SNF VERSUS TIME MAXIMUM

3.8100E 00 D. 000E 01

TIME SNF I
0. 000OE-Ol 5.OOOOE 01 --------------------------------------------------
5.0000E-Ol 9.6515E 00 0
1. OOOOE 00 4. 5396E 00 +

1. 5000E 00 3.8920E 00 +

2.OOOOE 00 3.8173E 00 +

2. 5000E 00 1.4031E 01
3.0000E 00 1. 5492E 01- -------------
3. 5000E 00 1.5701E 01
4.0001OE 00 1. 5731E 01---------------
4. 50OOE 00 6.7526E 00
5.OOO0E O0 5.4609E 00 -+

5. 5000E 00 4.0107E 00 +

6. 0000E 00 3.8322E 00 +

6. 5000E 00 5.0432E 00
7.OOOOE 00 5.2164E 00 -+

7. 5000E 00 5.2412E 00

8.OOOOE 00 5.2512E 00 -0

8. 5000E 00 1.4236E 01- ------------
9.OOO0E 00 1. 5522E 01- -------------
9. 5000E 00 1. 1923E 01- ---------
1.0000E 01 1. 1483E 01 ------

1.0500E 01 6. 1413E 00
1 000PE 01 5.3734E 00

1. 1500E 01 5.2636E 00

1. 2000E 01 5. 2479E 00 -+

1. 2500E 01 5. 2457E 00 -/

1. 3000E 01 5.2454E O0 -+

1. 3500E 01 3.9834E 00 +

1. 4OOOE 01 3.8289E 00 +

1. 4500E 01 1.4033E 01- ------------
1. 5000E 01 1.5492E 01- -------------
1. 5500E 01 1. 5701E 01 --------------
1. 6000E 01 1.5731E 01 -------

1.6500E 01 6.7526E 00 --- +

1. 7000E 01 5.4609E 00 -+

1.7500E 01 4.0107E 00 +

1. OO0E 01 3.0322E 00 +

1,.500E 01 5.0432E 0O -+
1.9000E 01 5.2164E 00 -+

1.9500E 01 5.2412E 00 -+

2.GOODE 01 5.2512E 00 -+

2.050OE 01 1.4236E 01 ---------

2. 1O00E 01 1. 5522E 01 -

2. 1500E 01 1. 1923E 01 ......... +

2.2000E 01 1. 1483E 01 ---------
2.2500E 01 6. 1413E 00

2.3000E 01 5.3734E 00 -+

2.3500E 01 5.2636E 00 -+

2. 4000E 01 5.2479E 00 -+

2.4500E 01 5. 2457E 00

2.5000E 01 5.2454E 00 -+
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EFFLUEINT NITRATE C['ACENTRATIOnN

MINI MUM SNF VERSUS TIME MAX(IMUM
3.8100E 00 5.OO0O0E 01

TIME SNF I I
2.5500E 01 3.98334E 00 +
2.6000E 01 3.22B9E 00 4

2. 6500E 01 1. 4033E 01 --
2. 7000E 01 1. 5492E 01 ... . ..... +

2. 7500E 01 1. 5701E 01 +--------
2. 8000E 01 1. 5731E 01 -+

2.,8500E 01 6.7526E 00 --- +

2.9000E 01 5. 4609E 00 -+

2.9500E 01 4.0107E 00 +

3.OOO0E 01 3. 8322E O0 +
3.0500E 01 5.0432E 00 -+

3. XOOOE 01 5. 2164E 00 -+

3. 1500E 01 5. 2412E 00 -+

3. 2000E 01 5. 2512E 00 -+

3. 2500E 01 1. 4236E 01--------------
3. 3000E 01 1.5522E 0 1--------------+
3. 3500E 01 1. 1923E 01 ---------
3. 4000E 01 1. 1483E 0 1 --------- +

3.4500E 01 6. 1413E 00 -- +

3. 500E 01 5. 3734E 00 -+

3. 5500E 01 5.2636E 00 -+

3. 6000E 01 5. 247rE O0 -+

3.6500E 01 5.2457E 00 -+

3.7000E 01 5.2454E O0 -+

3.7500E 01 3. 9834E 00 +
3.8000E 01 3.8209E C0 +
3. 8500E 01 1. 4033E 01 +-------------
3. 9000E 01 1. 5492E 0 1---------------
3. 9500E 01 1. 5701E 01Q--------------
4. O000E 01 1. 5731E 01C---------------
4. 0500E 01 6. 7526E 00 ....
4. 1000E 01 5. 4609E 00 -0 +

4. 1500E 01 4.0107E 00 0
4. 2000E 01 3.8322E 00 4-

4. 2500E 01 5.0432E O0 -+

4. 3000E 01 5.2164E 00 -+

4. 3500E 01 5.2412E 00 -+

4. 4000E 01 5. 2512E 00 -+

4. 4500E 01 1.4236E 01 1
4. 5000E 01 1. 5522E 0- I---------------+
4. 5500E 01 1. 1923E 01----------
4. 6000E 01 1. 1483E 01----------
4.6500E 01 6. 1413E 00 -- +

4.7000E 01 5. 3734E 00 -+

4. 7500E 01 5.2636E O0 -+

4. BOOOE 01 5.2479E O0 -+
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T. F. IINFL.AUFNT C0IICEN'TRATION

MINIMUM SCO VERSUS TIME MAXIMUM
2. 5000E 02 3. 5000E 02

"TIME SCO I I
0. 0000E-01 2.5000E 02 +
5.00O0E-01 2. 5000E 02 +

1. OOOE 00 2. 5000E 02 +
1. 5000E 00 2. 5000E 02 +

2.OOOOE 00 3. 500 E O2 . ..... . . ...... . . .. .. . .. . .... ... ... . +
2. 5000E 00 3.5000E 02 -------------------------------------------------- +

3.OOOOE 00 3. 5000E 02 --------------------------------------------------
S3. 5000E 00 3. 5000E 02 -----------------------------------------------------

4.OOOOE 00 3. 5000E 02 ---------------------------------------------------- +

4. 5000E 00 2. 5000E 02 .
5.OOOOE 00 2. 5000E 02 +
5. 5000E 00 2. 5000E 02 +
6.OOOOE 00 2. 5000E 02 +
6. 5000E 00 2. 5000E 02 4.

7. OQOCE 00 2. 5000E 02 +
7. 500:E 00 2. 5000E 02
8.0000E 00 3. 5000E 02----------------------------------------
8. 5000E 00 3. 5000E 02
9.0000QE 00 3.5000E 02 --------------------------------------------------- +

9. 5000E 00 3. 5000E 02- -----------------------------------------------------
1.0000E 01 3. 5000E 02 ---------------------------------------------------
1. 0500E 01 2. 5000E 02 +
1. IOOOE 01 2. 5000E 02 +
1. 1500E 01 2. 5000E 02 +

1. 2000E 01 2. 5000E 02 +
1. 250DE 01 2. 5000E 02 +

1. 3000E 01 2. 5000E 02 +
1. 3500E 01 2. 5000E 02 +

1. 4000E 01 3. 5000E 02- ---------------------------------------------------
1. 4500E 01 3.5000E 02- ----------------------------------------------------
1. 5000E 01 3. 5000E 02- ---------------------------------------------------
1. 5500E 01 3.5000E 02 -----------------------------------------------------
1.6000E 01 3. 5000E 02 ------------------------------------------------------
1.6500E 01 2. 5000E 02 +
1.7000E 01 2. 5000E 02 +
1.7500E 01 2. 5000E 02 +

1.8000E 01 2. 5000E 02
1.8500E 01 2. 5000E 02
1.9000E 01 2. 5000E 02 +

1.9500E 01 2. 5000E 02 f
2.0000E 01 3. 5000E 02 ----------------------------

2. 0500E 01 3. 5000E 02- ----------------------------------------------------
2. 1O00E 01 3. 5000E 02- ---------------------------------------------------
2. 1500E 01 3. 5000E 02 -------------------------------
2.2000E 01 3. 5000E 02 ----------------------------------------
2. 2500E 01 2. 5000E 02 +

2. 3000E 01 2. 5000E 02 +

2. 3500E 01 2. 50I0E 02 +
2.4000E 01 2. 5000E 02 +
2.4500E 01 2.5000E 02 +

2. 5000E 01 2. 500)E 02 +
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T. F. uNFLUENT CONqCENIRATION

M INI1MUM SCO VERSUS TIME MAXIMUM01
2.50D0E 02 3. 5000E 02

T IMNE S I
2. 5500OE 01 2. 5000OrE 0-I2 4.

2. 690 C)E 01 3. 5000ET 02+

2. 7000,E C01 3. 50 0 0E 02 ------ - - -

2. 7500IE CO 3. 5000E 0,-- -- - - - -- - - - - - -- - - - - - -- - - -- - - - -

2. BOOOE 01 3. 5000E 0,2 -- - - --- -- - - - - - - - - - -- --- - -- - - -

2. 0500OE 01 2. 5000OE 02 +-
2. 9000C 01 2. 5000E 02 4-

2. 9500E 01 2. 5000IE 02 +
3. 0OC)00E 01 2. 5000E 02 +
3. 0500E 01 2. 5000OE 02 +

3. 1000E 01 2. 5000E 02 +

3. 1500E 0Ol 2. 5000OE 02 +
3. 2000E 01 3. 5000E 02 -- - --- --- - -- - - -- - - - - - - - - -- - - -

3. 2500E 01 3. 500C0E 0;2 -- - - -- -- - - - - - - -- - - -- - - - -- - - -

3. 3000IE 01 3. 5000JE 02 --- -- - -- - -- - - - -- - - - - - - - - - - - -

3. 3500IE 01 3. 5000IE C.2 -- -- - - - - - - - - - - - - - -- - - - - - - - -

3. 4000E 01 3. 5CJO0E 02 -- -- - -- - - -- - - - -- - - - -- - - - - - - -

3. 4500E 01 2. 500r0E C02 4.

3. 500OOE 0O1 2. 5C000E 012 4-
3. 5500E 01 2. 5000CE Cl2 4.

3. 6000E 01 2. 5000E 02 +
3. 6500E 01 2. 5000IE 02 -4.

3. 7000E 01 2. 5000E 02 +
3. 7 5 0 CE 01 2. 5000E 02 .4

3.68000E 01 3. 50.00O E 0.2 -- - - - - - -- - - - -- -- - - - -- -- - - - - -

3. 8500IE 01 3. 5000E 02
3. 9000E 01 3. 5000E 02 -- -- - - -- - - - -- - - - - - - - -

3. 9500E 01 3. 5000OE 02÷
4. O000E 01 3. 5000E 02 --- - - --- - - - - - - - - - -- - -- - - - - - -

4. 0 5C)C.E 01 2. 5000E C.2 4-

4. IO00E C,1 2. 5 00 0E 02 C-1

4. 1500E 01 2. 5000DE 0j2 +

4. 2000E 0)1 2. 5000E 02 4.

4. 2500E 0 1 2. 5 OC C0E C-2 +
4. 3000E 01 2. 5000E 02 +

4. 3500E 01 2. 5 000C)E 02 4.

4. 40-00E 01 3. 5000tE 02 .. ....... . . . . . . . . ... .... .... . .. . . ..?
4. 4 500CDE 0 1 3. 5000E 02 .. ... ... . . .. . .. .. . . .. .. .. ... . .... . ..-

4. 5 00,"DE 01 3. 5000,)CE C,02 .. . .. . . .. . . .. .. . .. ... .. .. .. . .. . . .

4. 5500IE 01 3. 5000E 0 2 -- -- -- - - - - - - - - -- - - - -- - - -- - - -

4. 6000E 01 3. 50.00E Om2 -- - - - - - - - - -- - - -- - - - - -- - - - - -

4. 6500E 01 2. 500C0E C12 +

4. 7000E COf 2, 5000IE 02 4-

4. 7500E 01 2. 5,0 )00E 02 4.

4. G000E 01 2. 5000E 0 2 +
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T. F. EFFLUENT CONCENTRATION

III N I MUM SCF VERSUS TIME MAXI MUM
1. 6382E 01 2. 500012 02

TIME SCF I I
0. O000E-01 2. 5000E 02 -------------------------------------------
5. OOOOE-01 7. 1545E 01
1.O000E 00 2.9192• 01
1. 5000E 00 1. 9140E 01 +
2. O000E 00 1.6761E 01 +
2. 5000E 00 2. 7803E 01
3. 000DE 00 3.0801E 01
3. 5000E 00 3. 1615E 01 I
4. 0000E 00 3. 1836E 01
4. 5000E 00 2. 4724E 01
5. 0000E 00 2. 2842E 01 -+

5. 5000E 00 1.8169E 01
6.0002E 00 1.7051E 01
6. 50O0E 00 2. 1238E 01
7. O000E 00 2. 2375E 0 1
7. 5000E 00 2. 2196E 01
8. O000E 00 2. 2130E 01 1 -+

8. 5000E 00 2. 9261E 01
9. OOOCE 00 3.1197E 01
9. 5000E 00 2. 52432 01 -0 -

1. OOOOE 01 2. 3326E 01
1. 0500E 01 2.2569E 01 -0

1. 1000E 01 2. 2263E 01 -4-

1. 1500E 01 2. 2653E 01 -+

1.2000E 01 2.2759E 01 -+

1.2500E 01 2.2789E 01 -+

1. 3000E 01 2. 2796E 01 -0

1. 3500E 01 1. 7634E 01 +
1. 400El 01 1.6404E 01 +
1.4500E 01 2. 7706E 01 -- +

1. 5000E 01 3. 0774E 01 --- +

1. 5500E 01 3. 160320E 01 .+
1. 6000E 01 3. 1834E 01 .... +

1. 6500E 01 2. 4723E 01 -.I
1. 7000E 01 2. 28.42E 01 -+
1.7500E 01 1.8169E 01 +
1.8000E 01 1.7051E 01 +
1. 8500E 01 2. 1238E 01 -+

1. 9000E 01 2. 2375E 01 -I

1. 9500E 01 2.2196E 01 -+

2. O00OE 01 2. 2130E 1 -0 +

2.0500E 01 2.9261E 01 -- +
2. 1O00E 01 3. 1197E 01 ---0
2. 1500E 01 2. 5248E 01 -0

2. 2000E 01 2. 3326E 01 -+

2. 2500E 01 2. 2569E 01 -+

2. 3000E 01 2. 2263E 01 -+

2. 3500E 01 2. 2653E 01 -.+
2. 4000E 01 2. 2757E 01 -+

2. 4500E 01 2. 2782 01 -01

2. 5000E 01 2. 2796E 01 -0
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T. F. EFFLUENT CONCEIrfrRATION

MIN I MUM SCF VERSUS TIME MAX :I MUM
1. 6396E 0,1 . 50010E 02

TIME SCF I 1
2. 5500E 01 1. 7631E C1 +
2. 6000E 01 1. 6404E 0,1 +
2. 6500E 01 2. 7706E C, I1 +
2. 700(E 01 3. 077,1E 0 1 +
2. 7500E 01 3. 1608E 0 1
2. 8000E 01 3. 1834E 0) I
2. 8500E 01 2. 4723E 01 I
2. 9000E 01 2. 2842E 01 -. +
2. 9500E 01 1. C169E 01 +

3. 00C0E 01 1, 7051E 01 A4
3. 0500E 01 2. 1238E 0) 1
3. 1O0OE 01 2. 2375E 01 -+

3. 1500E 01 2. 2196E 0l -+

3. 2000E 01 2. 2130E 01 -I

3. 2500E 01 2. 9261E 01 I
3. 3000E 01 3. 1197E OC I
3. 3500E 01 2. 524SE 01 -+

3. 4000E 01 2. 3326E 01 -
3. 4500E 01 2. 2569E 01 -+

3. 5000E 01 2. 226C3E 01 I
3. 5500E 01 2. 2653E 01 -I--

3. 6000E 01 2. 2759E 01 -+

3. 6500E 01 2. 2788E 01 -'+

3. 7000E 01 2. 2796E C, I
3. 7500E 01 1. 7634E r, 1
3. 8OOOE 01 1. 640,IE C1 I
3. 8500E 01 2. 7706E 0l
3. 9000E 01 3. 0774E 0 1
3. 9500E 01 3. 1608E 01 I
4. OOOOE 01 3. 1834E 01
4. 0500E 01 2. 4723E 01
4. 100OE 01 2. 2942E 0 .... 4-

4. 150OE 01 1. 3169E 0l +
4. 2000E 01 I . 7051E 01 +
4. 2500E 01 2. 123BE 01 I
4. 3000E 01 2. 2375E 01 -I

4. 3500E 01 2. 2196E 01 -+

4. 4000E 01 2. 2130E 01 '
4. 4500E 01 2.9261E C0 1
4. 5000E 01 3. 11 97E 0 1
4. 5500E 01 2. 5248E 0 1
4. 6000E 01 2. 3826E 01
4. 6500E 01 2. 256E 01 -+

4. 7000E 01 2. 2263E l1 -+
4. 7500E 01 2. 2653E 01 -+
4. 8000E 01 2. 2759E 01 -+
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A. S. EFFLUENT CONCENTRATION

MNI N IMUM S VERSUS TIME MAX I MUM
5. O000E 00 5. O000E 01

T I ME S I I
0. O000E-01 5. OOOOE 01 --------------------------------------------------------
5. 0OOQE-01 4. 6252E 01 --------------------------- +
1. QOO0E 00 4. 1687E 01- -------------------------------------------
1. 5000E 00 9. 7121W 01 . .. ... ..... . .- . .. . . . .. . +
2. 0000E 00 3. 2770E 01 ........ .. ... ........ .. .... +
2. 5000E 00 2. 8755E 01 -
3. OOOQE 00 2. 5145E 01 --------------------------
3. 500CE 00 2. 1885E 01 --------------------
4. O000E 00 1. 8961E 01 .... ..
4. 5000E O0 1. 6305E 01 +
5. QOOOE 00 1. 3923E 01 -------
5. 5000E 00 1. 1793E 01 --------
6. OOOE 00 9. 9341E 00 0 -----
6. 50OCE 00 8. 3971E 00
7. OO0E 00 7. 1307E 00
7. 5000E 00 6. 0725E 00
8. 0000E 00 5. 191?E 00 0
8. 5000E 00 5. OOOOE 00 4

9. O0O0E 00 5. OQOOE 00 0 -
9. 5000E 00 5. OOOOE O0 +

1. O0OQE 01 5. O000E 00
1. 0500E 01 5. OO0E 00 .÷.
1. IOOE 01 5. O000E 00 4.

1. 1500E 01 5. O000E ;0 +

1. 2000E 01 5. O0OOE CO +
1. 2500E 01 5. 0000E C0 0
1. 3000E 01 5. O000E 0C +
1. 3500E 01 5. O000E 00 4-

1. 4000E 01 5. O0O0E 00 4.
1. 4500E 01 5. O000E 0O 4-

1. 5000E 01 5. OOOOE 00 4.

1. 550OE 01 5. OOOOE 00 +

1. 6000E 01 5. O000E O0 +
1. 6500E 01 5. OOOOE 00 +
1. 7000E 01 5. OOOOE 00 +

1. 7500E 01 5. OOOSE 00 +
1. 0000E 01 5. OO00E 00 +

1. 850-E 01 5. OOOOE 00 +

1. 9000E 01 5. OO0E 00 0
1. 9500E 01 5. OO00E 00 +
2. O0O0E 01 5. QOOQE C00
2. 050OE 01 5.OOOOE 00 +
2. IO00E 01 5. OOOOE 00 +
2. 1500E 01 5. O0O0E 00 4-

2. 2000E 01 5. O000E 00 +
2. 2500E 01 5. OOOOE 00 +

2. 3000E 01 5. OQOOE 00 +

2. 3500E 01 5. 0000E 00 +

2. 4000E 01 5. O000E 00 +

2. 450.E 01 5. O000E 00 +

2. 5000E 01 5. O000E 00 4
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A. S. EFFLUENI, CI',iCE:'TRArTION

M i[N I( MUM S VERSUS TIME MA x I HiIM
5. 0,00E 00 5. OOOE 01

TIME S I 1
2. 5500E 01 5.. O00E 0
2. 6000E 01 5. 0000E 00 +

2. 6500E 01 5. O000E 00 +

2. 7000E 01 5. 000E :00 --
2. 7500E 0.1 5. O000E 01-1 -4.

2. 7500E 01 5. 'DCOOOlE. '. 00, .
2. BOOOE 01 5. OO0E O0 +

2. 9000E 01 5. 0000E 00 +

2. 95'OOE 01 5. OO00E O0 +

3. O00OE 01 5. ODOE 00 4-
3. 0500E 0O1 5. OOOOE O0 4+

3. IO00E 01 5. O000E 00 +
3. 1500E 01 5. O0OOE 00 +
3. 200,)E 01 5. O0000E O0 4

3. 2500E 01 5. O00OE 40 +

3. 30ICE 01 5. OrOIE 00 C
3. 3500E 01 5. O000,V E0

3. 4C000E .01 5. OO0E 00 +
3. 4500E 01 5. OOOOE 00 +

3. 5000E 01 5. O000E C0 +
3. 5500E 01 5. OOCE CIC'1 +

3. 600C;E 01 5. O000E OF r +

3. 6500E 01 5. OD00E 00 4.

3. 7000E 01 5. OC07E 00 +
3. 7500E 01 5. O000E 00 A
3. OOOOE 01 5. C0,.'OE 00 f.
3. 6500E 01 5. O0CIE 0IO +

3. 9000E 01 5. OO00E 00 +

3. 9500E 01 5. OO0IE C00 f
4. O000E 01 5. 0000CE 00 .4.

4. 05ODE 01 5. oOO'OE 00 +
4. 1OOIE 01 5. 0000E D0 +
4. 150.E 01 5. O000E 00 4-

4. 2000E 01 5. OO00E 00 +

4. 2500E 01 5. O000E O0 +
4. 3000E 01 5. O0OOE 00 +

4. 3500E 01 5. O0CICE 0o +
4. 4OOOE 01 5. OOO0E r0 +

4. 4500E 01 5. OOOOE O0 +

4. 51,1E 01 5. O0C0E C00
4. 5500E 01 5. OOOE 0 0
4. 6000E 01 5. O000E 00 +

4. 65OOE 01 5. OOOE C0 +
4. 7000E 01 5. O000E C0 +
4. 7500E Cl 5. OCF0,)F D0 +
4. 8000E 01 5. 00DOE O0 +
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ORGANISM CONCENTRATIONV.

I'. N I MUM x VERSUS TIME MAXIMUM
I. 000SE 02 1. 2369E 02

TIME X I I
0. 000E-01 1. COOE 02 " +
5.0000)E-01 1. 0268E 02 ------
1.O0O0E 00 1. 0527E 02 ---
1. 5000E 00 1 0772E 02 .. ...... ... .-
2.OQOOE 00 1. 1001E 02 --

2. 5000E 00 1. 1210E 02 --

3.OOQ0E 00 1. 1401E 02 --

3. 5000E 00 1.157,2E 02 --
4. O00E 00 1. 1725E 02- ----------------------------------------
4. 5000E 00 I. 1853E 02 ------------------------------------------
5.00O0E 00 1. 1973E 02- -------------------------------------------
5. 5000E 00 1. 2073E 02 ----------------------------------------------
6. QOOOE 00 1. 2155E 02 ------------------------------------------------ +

6. 5000E 00 1. 2217E 02)
7. 000E 00 1. 226E 02 --------------------------------------------------
7. 5000E 00 1. 2301E 02 --------------------------------------------------
8.0000E 00 1. 2327E 02 ----------------------------------------------------
8.5000E 00 1. 2344E 02 -
9.OQO0E 00 1. 2355E 02 -
9. 5000E O0 1. 2365E 02 ---------------------------------- +
1.0000E 01 1. 2369E 02 --------------------------------- +
1. 0500E 01 1. 23q6E 02 - --------------------------------------------------
1. O00E 01 1. 2356E 02 ------------------------------------------ +

1. 150CE 01 1. 2344E 02 ---------------------------------------------------- +

1. 2000E 01 1. 2331E 02 ---------------------------------------------------
1. 2500E 01 1. 2315E 02- ---------------------------------------------------
1. 3000E 01 1. 2293E 02 --------------------------------

1. 3500E 01 1. 2286E 02- -------------------------------------------------
1. 400DE 01 1. 2271F 02 -------------------------------------------------
1. 4500E 01 1. 2250E 02 +--------------------------------------- -------

1. 5000E Ol 1. 2229E 02 -
1. 5500E 01 1. 2209E 02 -
1. 6000E 01 1. 2191E 02 --------------------------------------------------
1. 6500E 01 1. 2173E 02-----------------------------------------------
1. 7000E 01 1. 2156E 02 ----- ----------------------------------------- +

1. 7500E 01 1. 2141E 02 +
1. 80ODE 01 1. 2125E 02 - ------- I---------------------------------------+
1. 8500E 01 1. 2104E 02 -------------------------

1 9000E 01 1. 2033E 02
1. 9500E 01 1. 2063E 02----------------------------------------------
2.OOOE 01 1. 203E OP -
2.0500E 01 1.2022E 02 --------------------------------------------- +
2. 1O00E 01 1.2003E 02 -
2. 1500E 01 1. 1989E 02. -
2.2000E 01 1. 1975E 02 -------------------------------------------
2. 2500E 01 1. 1957E 02 --------------------------------------------
2. 3000E 01 1. 1938E 02 -
2. 3500E 01 1. 151E 7!2 -
2.4000E 01 1. 1901E 02 -------------------------

2. 4500E 01 1. 1883E 0-2 ------------------------------------------
2. 5000E 01 1. 1865E 02 ----------------------------------------
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OROANI1SM1 C:0I'4CENTR AT I ON

M11N I IU1 M x VERSUS TIME MAX I HUM

1. O0'0E 02 1. 23,9E 02

T I NE X 1 1

2. 55C00E 01 I 1852E 02 ----------------------------

2. 6000 E 01 1 1837E 02 +-------------------------------------------

2. 650CE 01 1 119t7E 02 ------------------------------------------- +

2. -7000E 0I 1 17 i ;. '--...............................---
2. 7500E 01 1. 17 82E 02 ----------------- ------------------------------ +

2. 8000E 01 1. 1767E 02 - -----------------------

2. B5 0CE 01 1 175qE I2 -----------------------.--

2. 9000E 01 1 173'E -----------------------.-

2. 9500E 01 1 72E 02 .-
3. O000E 01 1. 1716E Q7 ------------------------ +

3. 0500E C.1 1. 169?E 02 -------------------------- +

3. 1OOOE 01 1. 1692E 02 +

3. 1500E 01 1. 1666E 02-- +--- ---------------------------------------
3. 2000EC 01 1. 1650E 02- -----------------------------------
3. 2DCCE 01 1. 1634E 02- ------------------------------------
3. 300CIE 01 1. , 02 ------------------------------------
3. 3500E 01 1. 1,609E 02 ------------------------------------- +

3. 4000E 01 1. 159SE 02 -------------------------------- +

3. 4500E 01 1. 1594E 02 -+

3. 5-000E 0 1 1 . 15-70E 02-------------------------------------------+
3. 5500CE 01 1 1570E 02 +

3. 6000E 01 I 1542E 02 -----------------------------------
3. 6500E 01 I. 1SE. 0:2 - -----------------------------------
3. 7000E 01 1. 1514E 'i 2- ---------------------------------
3. 7500E 01 1. 104E 2 ---------------------------- 4-

3. 800CE 01 1. 1452E 02 --

3. 8500E 01 1 14l-7E ,Q

3. 9000E 01 1 .1463E 02 -------- +----------------

3. 9500E C1 1.. 14505 02Q F ---------------------------------------- +

4. 0000E 01 I. 143TýE 02 --------------------------------
4. 0500E 01 1. 1429?E 02 -------------------------------- +

4. 10 CT 01 1 . 141GE 0;! -----------------

4. 1500E 01 1. 1410E 02 -------------------------------
4. 2000E 01 1. 1401E Q -? ---------------------------------
4. 2500E 01 I. 13,9E 02 .-I - -------------------------------
4. 3000LE 01 1. 137' E 02 - ------------------------------ +

4. 3500E 01 1. 13620 02-- ------------------------------
4. 4000E 01 1. 13110E 02C2 +------------------------------

4. 4500E 01 1. 133BE 02 - ------------------

4. 5000E 01 1. 1327E 02 -------------- +

4. 5500E 01 1. 1319E 02 --------------------------- +

4. 6000E 01 1. 1311E 02 ---------------------------- +

4. 6500E 01 1. 1300E 02 ---------------------------- +

4. 7000E 01 1. 12'?0E 02 -------------------- +

4. 7500E 01 1. 1279E 02 ---------------------------
4. 8000E 01 1. 1268E 02- ---------------------------
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APPENDIX B

VARIABLE LIST
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The program written in BASIC uses the same model as the CSMP program. The
programs use Runge-Kutta as a method of integration.

The variables used in the two programs are described in the following

pages; the BASIC program is arranged as follows:

Line # Function

100 - 900 constants, initial conditions,
pulses set

1000 - 1999 anoxic tower with lines
1500-1599 as subroutine

2000 - 2999 trickling filter with lines
2500-2999 as subroutine

3000 - 3999 activated sludge with lines
3500-3999 as subroutine
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VARIABLE LIST

ANOXIC TOWER

CSMP BASIC

A Cross sectional area (ft) A
ZLAM Rate constant (gal/min-ft 3 ) ZLAM
U Packing coefficient U
R Effectiveness factor R
Z Column depth (ft) Z
VOL Volume (ft 3 ) VOL
QINZ Steady-state flow (mgd) QZ
QINL Steady-state flow (gpm) QA
QIN3 Additional peak flow (mgd) Q3
QINF Additional peak flow (gpm) QB
QO Flow thru anoxic tower (gpm) QO
QZ Conversion of QO to ft 3 /hr
SNI Initial condition - nitrates (mg/L) SNI
SNINF Influent nitrates (mg/L) SN
SNO Influent nitrates (pulse) NS
SNI Peak flow - nitrates (mg/L) SI
SNF Effluent - nitrate (mg/L) FS

TRICKLING FILTER

CA Cross sectional area (ft) 3 CA
CLAM Rate constant (gal/min - ft 3 ) CLAM
ZT Depth (ft) ZT
W Packing coefficient W
B Effectiveness factor B
CVOL Volume (ft 3 ) CVOL
QIC2 Constant flow rate (mgd) Q4
QICI Constant flow (gpm) QC
QIC3 Pulse flow (mgd) Q5
QICF Pulse flow (gpm) QD
QTO Flow thru trickling filter (gpm) QT
Qi Conversion of QTO to ft 3 /hr
SCI Initial condition - carbon (mg/L) CI
SCi Pulse conc. - carbon (mg/L) C1
SCINF Carbonaceous substrate influent (mg/L) CF
SCO Pulse-carbonaceous substrate influent SO
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VARIABLE LIST

ACTIVATED SLUDGE

CSMP BASIC

K Rate constant (1/day) K
K1 K (1/hr)
KS Half-velocity constant (mg/L) KS
KD Endogenous decay coefficient (1/day) KD
K2 KD (1/hr)
YG Yield coefficient YG
AVOLl Volume (ft 3 ) AVOL
QR Set recirculation QR
XI Initial condition on organism (mg/L) XI
SC Initial condition on substrate (mg/L) SC
XC Startup condition on organism (mg/L) XC
XO Organism concentration with recycle (mg/L) XO
X Organism concentration (mg/L) X
S Substrate concentration (mg/L) S
QTOA Influent flow to activated sludge (gpm) QE
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ADDITIONAL VARIABLES - BASIC:

M8 = Counter (outputs every 5th valve)
T, T2, T3 = Time for anoxic tower, trickling filter, activated sludge,

respectively
KI, K2, K3, K4
K5, K6, K7, K8 Valves for Runge-Kutta
S8, X8
T4, T5, T6 = Counter for time array

EQUATIONS DESCRIBING PROCESS:

ANOXIC TOWER:

DN = Ul - [EXP(U2)] * FS
where

Ul = (QO/VOL) * (NS-FS)
UZ = [-ZLAM * (Z^R)]/[(QO/A)^U]

TRICKLING FILTER:

DC = U3 - [EXP(U4)] * SF
where

U3 = (QT/CVOL) * (SO - SF)
U4 = [-CLAM * [ZT^B)]/[(QT/CA)^W]

ACTIVATED SLUDGE:

X(I) = (US- U6) * H
where

U5 = (QE/AVOL) * (X0 - X) * 1440
U6 = [((K * YG) * (S/CS + KS)) - KD * X)]

H = Increment for Runge-Kutta

S(I) - H * [((QE/AVOL) * (SF (T3) - S)) * 1440 - (K * (S/CS + KS)) * X)]
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ADDITIONAL VARIABLES NEEDED FOR BASIC PROGRAM:

PI: Time where pulse begins (for TRIGI in CSMP)

P2: Time spacing between pulses (for TRIGi)
P3: Length of pulse (for TRIG1)

P4: Time where pulse beings (for TRIG2)
P5: Time spacing between pulses
P6: Length of pulse

P7: Begin pulse (TRIG 3)

P8: Spacing
P9: Length

PO: Begin pulse (TRIG4)
PI: Spacing
PJ: Length

G,G1: To keep pulses moving with time:

Width

Start Spacing

4- G,GI=O •- • •G,GI=I ..

Time --w
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APPENDIX C

BASIC MODEL
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20 LF::'R I 1\T "I" ' R NT F.. LF*R I N 1
30 LF:: II (L.i-FPR$; (14)" IIN"DUS'TRP.IAL WASTEI"F'L TREATME".INLT PLANN''

40 LPR I NT T L..P:iR I NT
50 LPR Itl\l'f' I" ( : 4 " HOL.STOR AA4P"
60 L..F PPIMNT" LPR I NT :1I..PR I N'T
65 L F::R 1: NT ];: LFRIP 1\1 x"f:; I..,FPR INTl

70 LPR INT T.AB(:15 HOW MANY HOURS WOUL.D YOLIK E.. TO SEE
'72 PP RINT'"HOW MANY HOURS WOUL.D YOU LIKE TO SEE?"
75s INPUT "Ci-HOOSE UP TO 48"; F
77 LPR I NTAB ( 15); L.P
80 LFR I: NT' IF:R I, INT :LR I NT
82 IINPUTI" "INFPU'T FLOW FROM AREA B (MGD) ";QB

3L.FR L NT z L.F'R I NT
84 .FR TAii 'T "S (15); "FLOW FROM AREA B (iMOD) i S
"QB: PR I NT: LPR INT
85 INPUT "INPUT" FLOW FROM AREA A (MGD) ' Q;:)
86 LFPRIINT I TAB(15) ;"FLOW FROM ARIEf.A A (MOD) IS
"QD:LPR I NT : LPR I NI
87 L.FPRIINT TAB (:1. 5); I.'. EN.R VALU.iE 'FOR COD (mq/L.) IN TRF.ICKL..ING
F I iTER i I\IFL.UENT" : 11IIF:'UT CF LPR I I (15); C:::'
88 LF:R INT TAB (15):; '"DO YOU WAN. THE rTRI:1CKIL I NG F I LITER EFFLUENT
'TO BE THE" : L..F:PRI NT TAB (.1.5); "ACT I VATED SL.UDGE INFL'tUENT Y or

N)":INPUT Xii
89 LFRI.NT TAB (:/5); X$: LFRINT:; LF-RI I\.
90 DIM (50 ' (5((50(.),C(6[1 0.),X 0() , SF (500"
98 DI:M T(500)O
S100)F,'Z ... CONSTANTIS

!10 REM .... ANOI '1:C TOCWR:'S
120 A = 6655 :REM ..... ARE'A (C. S..
1:30 Z..AM . . M =. t .. RATE CONST AN XF':!CF-HR)
135 U -= .5: REPM ... F'ACKING CO:FF.
i140 IR ... .6 : R:;EM .... EFF:ECT IVENxESS F:ACT"OR:; F:OR T OWEFR

•:'5 Z = 104 RT .... DEPTH OF COLUMN MEDIA
16 VOL .'665.50 RFE" FT'Ii5\M .. VOLTUME
:i.70 02 ... 154 :IREM .... COI\ST<ANT FLOCW RATE

:17. REM ... F FLW RATES ARE HGD.
1840 03 -.. 4.,5 A:REM ..... FPEI:AK NI:TRATE'_-S
1i.90 S!\ ... 25! :,REM .... FPEAK NI tRATE,.3

20'() = 1 REM .... IN IFLUEN t N IMRATE,'3
210 SNI . ." 'M ....."... I ..Q T. N -I F .. FIOTRAT WE
220 I NO RIKLIN G :i:I: IER
230) CA ... 1000():R ;EM .... AIR•EA (C. S,,)
24(0 CLAM = .33::;: R;'E.M .... RATE CONSTANT' r]FOR TRI::CKI<.iNG F: I:LTIER,

2. 5 ' (-XL I 26)! '. F i ... DI
260 W ,5 REM ... PACKING C:EFF.:
:270 0 .67:R M ..E:.l FE'FECT"I'VENESSFc•:: F'ACTOF:;:'

21-:(0 CVOL. = 260000)!
290 04 = 1[.1:. REM .... CON-S,, FI..OW (MOD):)

300 Q5 = .25;: REM' .... ADDI:TIONAL. P:EAK< F:LOCW

310 REM ... CF ... SUBSTRA.E C INF....
32(0 C. = 100
3:3.0( CI = 50:: :RF;,EM ... !NIxIT. C:OND.. , (MG/L)..
"]::.!;40 FR.EM . ,..ACT TIV(-rTED SLUDrGE
3250: K = 5,1RIE:iM .... RATE CONSTAN:T (1/0 i:AY)
351 K ... 1</24:; R;EM ,... COI",VIE rT O[[ (I/HR.)
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"1.6C1,6 KS = 60:RIEM ... FAL.F RE'ACTION'4 CONSTA TI',r
370 KD = .06 :REM .... EINIDOGEI-1NOUS DECAYY COEF:F. i1!ift-AY)
371 KD = I) / 24: REM ... (/HR.)
380 YG = .6: REM ... E ILD COEFF,
.3:90 AVOI. = 287("0(0(0

4 1 OR = .25: REII .SET REC I RC;L.JLATIO ] UN
420 XI = 100 : I::REII INIT. COIID. ORG. COC.
430 SO = 50 :REM ... INITIAL SUBSTRATE (MGi/L..)
440 XC =: 0 REM ... I!NIT.[COND.
4-50 REM L.... ,S (GF:'M)
460 WA = (03 / 1440) * 1 000000!
470 .'I = ( 'B / 144(0)*-. 100)000!
48() OC = (0. / 1440) *' 10000.00!
490 OD = (OD$ / 1440) .* 1.00u(0()!
525 REM F-.P ,"S. PS IFIi-:F THE SPAI:: N,.IG 1 E'T ,,IWEEN FPUI._SES
P], F4, P,PO ARE WHERE
52. REM .... THI FP:ULSES BE:G:qil IN. , ' F6 I:, PaN ARE THl1:1+
L.E:NGTH' - F I F(J1IL.*.I-.o
527 I:,;:E[:: I"! A Nf- X IC ' li.IJVWIEI::,l Il
'' IP = 2
54, FP2 =.5
5 5.03...F = 2.4
560 PA = 2!
570CP5) F= 2.5
5,. P6 = l . : O X

590 PF:"7 = :2
6(00" PS: =: .5
61.0 P9 ... 2.,4.
620( PO = :
630 F'I = ,,5
640O P = 2..,:". 4

645 H = l.1.
6•'( GO[SLB 100,: EM .... ANO-,DXL I T.U"l ,:.
660•::: G:.i{]!': ].OS 2000(C,: REi.M ..... TFR:I K., F ILT]E!R;

:65 IF X$ ::-: "Y'" "i
670 GOGUE . ( I:M . ... A (T,, F3l0 0 REN .. ACT . ..UOQ.'-,
"6 1: F. GFI I 9f

825 L. FRlx.1) .:...... .'F..110 L;F I hE I0 *

680 GOSUB 4(00C
;7"9,0 LF:H'I NrI:LIPRI[N'I
810 L..PRF:INI,1"':LPRI..F ] ,!T : LPRFN'F [,T
220) I.PR]:iNT' TAB ( 1.5) ; " i L:HA.NHGE mN".Y . ....... GR ......

82:1. L PRI::N::I,'l

8£26 LRF-R INT

900 IEND
:1. 0':)k.) REM .... I~t :7 If r.: 'T7 : L.,iJ.H.:;

10015 6 = 0

100"7 G I1 = I
.01 ( o Ni ( "T :=--:/()

1020. . ': = :
1.02:2 NO. -= lN1.,1,:J.(Q0 .•; 100:: + • 5)0/1 (ý,:
102:3 00. (0•:,) = g(J
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1025 NS = SN
1030 FS = SNi
1032 LPR IN'T

103 L PR IN T -FAB (1.5); ANOXIC TOWER'

1 •035 I8 I I NT T AB(1)••_;__TIMiE N-INFLmiiL N-EFFL FLOW''
103:~7 LPR INi TAi13(15);''( HRS.) ( mq /L.) ( mg L) (GPM)"
:1038 LF>FI I T B(iS); -- - -- - -- - ----------... ... ..--........- .-- -

1039 LPRINTI
1040 LPRINT TAB(17);T;TAB(2:);NS;TAB,5.t37);FS;TAB(46Ir1& ;
1047 M8 1
1050 F(OR =1 'T(D 4E`1
"1.052 T = T + H

1053 T6 = T6 .i-. 1
1054 I F. T> T L:P. T'HE-iN 1450
1055 GOSUB 1500

1060 KI H * DN
1070 FS F S + . 5 * -. :I.
1080 GOSUB 1500.;)
1090 K2 = H *. DN-,

1100 FS = FS + .5 *K2 -.. 5 *K!
1110 GOSUB 150C)
1130 K3 I H*-FN

1150 GouFU 1 = Fa500
1160 K4 = H * DN
1165 FS = FS - KF
1170 FS = FS + (I /6 K * K + 2 . 2 + KYQ• + K4C

1 2 06 IF 18 =- ..5 "liEN 1208
1207 SOTO 1230
1208 MB = C0
1209 NS = INT,(NS * i00 -- .b) / IO00AFS - INT( FS .1 00 .5
/ 1I0C.:

1210 00 = INiT( QO *• 100 + .5) ./ 10'0

1211 T = INT "T 100 + .5 10C)
1215 QO(TV C ) ='
1217 SOTO 1225
121.9 LPR INT:A L4T I
1220 LPRINT "TIME";TAB(IO);"N-..INFL.-;TAB(20);"N---

EFFL" iA (31 ) FLOW''
1225 LPRINT TAB(17);T;TAB(28);NS;"IA..I (37);F: TAB(46);Q 60
1227 1F - , P 1'THEN 1450

I 2...d C) I-sF M[H4-
1250 NEXT I
1450 RETURN
1500 REM

1520 IF T >= QPI +1 G 1 P2 + I *: P3) THEN 154()
1530 SOTO 1560
1540 IF T <= MP + G *• P2 + (G + 1I) •.P3) 'THEN 158C,

1560 NS = SN
B1570 5OTO 1590
158C)S=SN+S
1590 IF T >= (,P4 + G1 *• P5 B! *i FP6 THEN 164(0
1630 SOTO 166C0
1640 IF T' <= (P4 + G! *• P5 + (GI + 1) *•• P6Q THEN 168()
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1660 WO = UP

I 665 00 (T6) = UO
1670 GOTO 170C

1680 QO = QA + UP

1685 0O(T6) = DO

1700 IF T >= (P4 + (I1 + 1) * P6 + (GI + 1) * TH) 1-HEN GOTC
1720
1710 GOTO 173C0
1720 G1 = B1 + 1
1730 U1 = (00 / VOL) * (NS FS)
1731 1 = U1 * 8.021: REM .- CONVERSIN011
1732 U2 = ( -. ZLAM Z ( R ) / (00 / A tiU)
1740 N\1 = - 1 4 4 U2 -FE
1800 RETURN

2000) REM F [RCL I \llNG Ft IL.-TER:
C0 1 LP I NT:. L\ :R1 N1 LPRFk i N I

2002 TI2 Q)

2005 G C 0
2006 B1=

2010 SF A I
2015 M8 =1

2016 T4 = 0
2020 SO CF:
203 C T C ) (*,!I D -+- (DO (Tl
2035 QT(O) = 01'

2036 0, = .'"(OT .* - .5) 1 :00
20)37 L._F" ".TI 'IAB(283);"TRIICKL.ING; FILTER''

0:.'( F N.'l I\K N' II" l: R I hIf I ;: L F[ 1\1 1
""039 LRI ::::N .AB(1.7);"TIME C-!N L.. ;A. );"C-.EFFL

FLOW''
2045 LPRINT fA.B(:1 );"(HF-B.S,) (mql/L.)"llABQ4:,;"(mq/Q)
(GPM) "
2047 LPRI::NI'
T A ( 1 5 ) ; - ------- ------------------------------ -----.... . ......... .. . . ... . ... ... . .. .. ....
2054 LF:'iRIr,.T IAI:(17);T2;TAB(:2.7)YE;S TA[•I(.I!;6 SF!;IT:,A (46)40g1'
20::60:: FORC4-, J.: 1. tO) Z81.
2065 T12 = T2 + F!

2066 "T4 = T4 .,+ ,.
206)7 IF:* *T2 >': LP: THEN 2. 300,
2070 GOSUBii 250)
2000 K5 = H- * DC

2100 9F: = SF + .5 5
2110 GOSUB 250C

21[2C0 16 1 -x . I•)C;
2130 SPFl SF + .5 .:'.. Kb .5 .. /1. .

214.0 GOSUBi: 250-0ý:
2150 K7 H DC

2:1.6C0 Sc-"F = S : I: .. .5'.
218% OOSUB9 2.50)
2.190 Kiii = H ID DC
2195 FS =II FS -. K7
2 1. ? 99 V1 12 -. :K: `2 *

2200 BF = BF + .1[66667 <.(K3 WH;.¢ KS:.;
2202 SFCT B F
220::)5 IF 18 II- 5 THEN 2!
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22-,10 GOTO 2260)
"22"15 M8=0

2222() IF SF 10 I HEN 22-:'5
.,.2..3..,0: SF' 10].

~ ; f' ** ' ") ... I f\V . G:! M11 .223"5 SF: TNT( SI:F * :1.(0 + ,,.5) / 00:0.1;Q N]: T .-i.i) ,

) /'100
2 23 7 SF(T4) = SF

2240 T2 = INI( T2 * 1()0 + .5) 10(C:
2250 i..FR IN t".H.. A).:(17 );,T2 • AB (27) ;SO ;TA ..:B(:Z6,) ;SF7;! T ; AB7(46) :i T'

226() MI-ni = t10 + 1
2270 NEXT 'J;

230"0 FR. .E TUR:HN
2500 REM

2520 IF , = PHEN 250:.
.2.,.... GTO 2
.25.. 40'= Qb', ::. T2 <:.= (P1::7 + B *••. FP8:: .. ( G + 1) ; P-" Y 1':?. THEN', "5,*. ".." ..

2 5,J) 13 = C F± ::*F
2570:"",.. G.., 23]) :7590ý:

258() Bq CF -,-- C:
.2.,90. IF:: T2 >= .. (P:7 + G -.. 1) P9 +; '," .i Gi-.[ PS;- :':') "THEN:. 25:9,'y
"2595:'. ,,'G._[O3TO.. 2600.

",/5'ý9 ( .. ... G :1.
"2600 iF!:" T2 >= !(PO * G!,- FIT1.... *..........

263.0 GOTO 26()
2640 I.F T2 <- .... P:O + G!)I. * P:I +" (01i 4' :. * P,]) THE~iN 26S7~0)
2655,.,. Q"I"("T'4) = OT ,

2680( ('-'I .-1 (1-4)K) T4
2685) QT ( .. 4) = U C+l.. cz.

2700 .IF T2 >... (Pc +)::" + (-. -1 ") FIT) !H -"-.
"272 ()
271;.0 GO"I. :,7Y:")-•,:

2.720 I = Gl + :i.
2730(;. U3 = UT /I i V,0L..) (s SO;. SQ•i" 8.'7,,02?i.

'274 I.0 I'. •4.' .... CL..AM tr . .)) @./ tCA.W:.)T / CA )...J.,
',275"" 0'"' .C' .. ..:::: + (LO . 'Pl. 'I:
21300. FZ;,ET URFAi,.

7.;)") F,' liýý.i ... ACTI VA E .1 .. S:..J EL..UDG.C*:ii
3-!010 T: 1":!. .0

301.6 OE : .... QT([) .+. (OR *.l.:. QT(,)u)
30:1.7 DIE = TNTF( O,:!E * :1.00.,07:7/10k ),.)

3022 L. P: I NIT-
3025 X = X ", ,,

3026 r ,-,, 1Nt ... r:B (.1. .:, ' ; ACTIV: ,AT.ED S..LUDGIE"

3028 1..IN rA(":T N 0I,.,G ',!\"F F -

"3029': LPI..F:FtNf ]'AB 0i.50 ;" (FIRS. (M /L ,"e,'..lmoil..)

30;3 0" L.': P. ' F? .I'

57



ot050( F"OIR• V =::1."f 481

::0 -1'' = ' + l

-053 T5 75 + 1.

54 :F L . ::'.. THEI',1 :.Zl
3055 S8 ý:S
:3.!060 "''X

3065 1 1
3070 (:';[SUB 350(0.

'::075 $8 E- S + I+ / 2
:080 X' X + X t) / 2

S.. ... .¢I 23:!085 1 2
::.!090 CG:OSUB 3i.'50)::

3095 S8 = S .+- S ) / 2
3I10 X@ = X + X l) / 2
3L0) 1 =
3 1.20:: t-OSUB:• "350C:)

31:!; $ '.:3 : S .1.J / 2
3:.;1.40 X 8 = X -+. X (I) / 2.

3:.150 i I .- J 4
3160,:•:: G(:):UBE 350(:)

:3 70 = S + (I y') * S l) 6 (. 4) + .2 * (,(3) . 2))
3180:: X ... X + .11 /6) * (X(I. U.P(q. + 2 * U( ?)::: + X(3I!)))

3 9'0 IF MS = 5 II 321.::.!'
3200)) SI OT 32%)0
3:.!2 1t(: M 8 k:.):

:3 2 :.2 l:::' . :-" > t - .-E;:; ..
.3:2 :5 G :: ::

:1.00
.... iH ' *.. I ... .

3270 i.. P:RI:.] NT TIAii.::(1:.7.'; 13;TAi.:•(26.) X ,TAB (37); S;TABi:•(41) ; Q

2 It '3 ::. -I t Iu

: I29 : Ili j ~~i + i.'

3310 ,E X T V
::3!400 RETIi: 1URN; !..
3500•;p(' RE:M

3:50b IF: < 1 0000 TEN 35V
.. 5,0,7 X =':: 1000)

"LI jt ' 0 .. ,'.....

...... U: E ... UT T5) + (OR * UIUITY )

.:52: X0 - ((XI * Q1.("I) + IX * Q! * I (I . OEI:

":4 .. ..':1: I'.1 . :1 F:'C "I:I I... .:. !:; T E 't I,•7";::~

352. IF S > 5 E:5

35:"0 SU ) = H * (((QE A. .) *- Sf " ) .. B. 2.. -- (
QS / (S + K8S)) -* X)h,
3538., U5.: = = 1~i:, AVOI..) * (X0:: ... X, 8 :• ::,.021
.... ..9 U6 -: (Y ,:. * Y'G) Q /: . Q + K.. - :S•,)) • X) -- ,kK::•: X•• ,)

..l ::!!54 () ... (1 1 4. (-U',5 + .6
3550) R EITUJRN
Z1000 REM .... AC:.T' I[ VAI ED::. SL:1..[ iWG:E!~i f: FV301 FI R I CKl:.. I[ F-RIi F: It L..T E1
410. 0 T-4I =: (7

41:1.0 MG! .= 1..
4.1.20 OE- =. QU(O) --. (OR:; .* QUOT()))
4!130 W!E = .I:I'IT< I +.: 1.00 + .5)/10k.(,
4.15 0 L..::R It N,11
4:1.60 LPI..F NF-t.:I',
4:17'0 X,: = X C:
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/4 18 (:: LFR I N'T TAB ( 15 ) ; ACT I VYArED SLUIJDGE"
419C0 L..FR I NT
4200) L.PR I r 'A ( : 5 );" ME OR C EFFL.. C C]INt,

4210 L.PRINT TAB (15)I : ': " (H-I.S ) (mq/L.) (mg/L.)
(EGF:I'M )

4 *2 20 I....PR I NI,
TAB (15 ) - - -- -- L - - - - - - - - --- - - - - -
4230t I NT" A (1 7 ) ; "4 ;TAB( 2- ); X ;TAB (37 ) ;EF ;TAB (46)Q

4240 FOR V :- .1. "I"C 418.1.
S4250 T4 =: T14 + I-..4260 T6 ....=-" T

":2"70" IF T4 > L THEN 3400
4.28() $ z il
4.290 X X

,:13:C I = .

430 1 J.dI~404:310(: BOSUB 460C0
4-132() $8&.3 . ýSf I ; ( ) /

4 03C X = X. X(1) /2
4340 1 ... 2
43:.!50 GOSUB 460()
4i3 0") SO SF::' + 2

X8 X 4- X(I) /2
438) 1 3
4390. G(.S, B 460()..

44100 -1. ... 1F'+ t:' I 2
4410 X8 =:X ÷ X(1) /2

4420 1] =A 4
.43() GSUB 460()

4440 SF = SF + 1 6) * OF (1) + SF(4) 2 -SF' 3) + SI:i
(2)) )

4450. X = X (1 0 b) * X(l) + X(4) + 2 . X ) + A(2)))
4 Z6Ce) () P:IF 3 M8 :.... 5 "THENIl4,.(
4470 BUOr: 454()

4480 MI1

ilI. 4`0 () 11: ' 1 / Y 3 ) .. (( : * L (

4•500 SF 5 5
"4.510 SF .- NT SF. . .10 + .5./ 00: X . IN A * - 10
4520.L T4l ... 1N]T(T4 *' .I0(0 + .5 )/1.00 : UF' = INT Q *'. 1'e!: .:.,00"
4530.-, LF:F:,'NT "AB ( 1.7),;T14 :TAB(2'::Z6 ; X f;::IA.E ...., 7 ; ,::F:: , "AB( t46 D..i C 'E

4540) MG = MS + IL
.455, ..0 NE X'T' V,,
4.560 R E: TURNF:,l
4600) R;EM
.4.6 1.0 I :":: X.<- 0 ))C HE:4 ::.;

4630 QE = Q ("1"5) + (C)!R - IQ' (T' i,-),"(:ti
,, .L~6 ...5 XO = ... • X I ... Q..T ("T'.::)) + ( X *.. (..R *;,:. fT•15;,) )K / QtEý

4614(0 IF" SF- :" 5 "1 ..:'. 4660
•4650" SF: := 5=

4660: SF (I) H " • ( ((QE!lii AVDL) *• (SF (16) ... SF) )' 8.0(:,21t ..
(1-.::*• (SF/ F + <S ) *. X)
'.4670 U5 = (QEi: AVO..) .. (X!O -.. X) •. 8.(02:1.
4680) U6 = K(F: • YG) *.(SiF /(SF" + KW) 4 X) ... (ID i"X)

4,690 X(T) =:H'* ,U5 .• U6)
470:0 RETIURN\
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•: ~ ~ ~ - FR"- 1: fN L.• h) 4::4 QE 11-: EZ ... -, Q!• 12E 04 AF 1" -1:: K:! h':: -' II to,, "IF: .. ow* I"N,. '1-..

Vi".I C3: L... '.S3; "IF C3::: IA,, 04 O-N :F:":

HOW MAN",Y H.-OURFS WOUILD YOU]L L.IKI::E ITIO SEE :`

FI..OW,, F::ROM AREi'A Dli (MOD) 1S 4" .51.':

F:LOW FRO: : M AREA A (MGD) S .5

FL..nw F <(II'.. . .... .... \-.I: i

IENTIER; VAL.UE FOR COD (mg/Lt) IN "TR:ICKLI:NG FI.]L.TtER INFd.LUENTll

I:N(. YJ(I:lJ W N I'I:: TH IRICKL. IN- F:I-iLTER EF: I:I... F IU INI TO. BE HI' IE
AC"IVATED SLUDGE IEF.) CL :? (I o'..F . ) ,::, :
Y

AiNOXI( :<iC "lTU)i.iFF':..'

Ti'ME N-- NFL. ,-. IFFL. F
"H( I ,) (ma/'.) ,m ./h) (GPM)

0.'' .., ..... ..."..,. ... . 2 5... .

21 :5 1 12.. -j

1 15 12.. ..
2 .2.16 6 2 (::.2. 35 2.8 62"-;(..)25

:::. o•2 5 3.9!3 625()

ii., :.)'... 1
251

1~ 2,t6 0' , I
I C '):. .... .
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TIME - INAL;KL F :11 L. FLO

.5 10:.k .3 6 it 5.8

i-l 1) 1.0

6.6

7. j.C 45

..... ..... .. -- -- -- -- -- -- -- - - - --

0, :10 4340 *.28

.5~~5 .4 .5 37.4

2. 1.697 424

2. 5, b1 7 3424

Li2.

4.5.. A. 4.,ý-*.'

IC)~~ 95~I~ 9. lH999 1i " iF 'li II

5.,~~UiiI.U .. SI i E5 : : i.

6.f:i(h3 U. ss i:S .. *h 4 54
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APPENDIX D

NPDES PERMIT, 1980, SUMMARY
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